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3tudies of the ultraviolet and proton magnetic resonance spectra 
of solutions of 2,4,6-tribromo-, trichloro-, trimethyl- and trinitro-
benzoic acids dissolved in concentrated sulfuric acid by Dr. D. w. 
Beistel and his coworkers lead to the synthesis of the corresponding 
benzoate esters. In the present work the nature of ionic species 
formed in mixtures of sulfuric acid and 2,4,6-trimethoxybenzoic acid 
was examined. The spectral data suggest the presence of species similar 
to those assigned for the previous trisubstituted analogs, together 
0 
with a species capable of fluorescence in the 2400 A region. The 
reason of this unprecedented fluorescence has not been established. 
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I. INT~WDTJCTION 
In lD<l~·, Heyer et al. ( 1, 2 ) reported that mesitolc acid, 
(C~J:J )3c6H2co2H, could not be esterified by the usual method of 
acid-catalysed esterification. This fact seemed curious since 
similar compounds like benzoic acid, mesitylacetic acid, and 
propionic acid, could be esterified easily by the same method. He 
attributed this fact to the steric hinderance by the a-substituent 
groups. Later, in 1937, Treffers and Hammett ( J ) found that 
methyl mesitoate could be hydrolysed to the acid by pourinv its 
solution in 100 percent sulfuric acid onto ice, while methyl 
benzoate was unchanged under the same conditions. ~~ewman ( h ) 
1 
obtained methyl mesitoate when a solution of the acid in 100 percent 
sulfuric acid was poured into cold methanol, m1t methyl benzoate 
could not be prepared from benzoic acid under similar conditions. 
From these experimental results, it was concluded that the mechanism 
of esterification of mesitoic acid or of hydrolysis of alkyl 
mesitoate may be different from the corresponding reaction mechanism 
in the case of benzoic acid or alkyl benzoate. 
From the above investigation both the protonated benzoic acid, 
+ + PhC02H2 , and acylium ion, NesCO , seemed to exist in the solution. 
Moreover, since these ions have been postulated to be reactive 
intermediates in other acid-catalyzed esterification reactions, the 
study of their electronic structures would be of interest. Hence, 
we decided to investigate the equilibria between these ions and 
2 
their parent molecules in strong acidic media by determining their 
electronic absorption spectra and nuclear magnetic resonance spectra. 
II, R.b..VIEll OF LITERATUH.t£ 
Cryoscopic studies of Newman et al. ( 5,6,?,8,9 ) and Hammett 
et al, ( 10,11,17 ) gave i-factors of four instead of two for 
hindered benzoic acid-sulfUric acid solutions. The reaction was 
rationalized by the following: 
+ 
-B + H2so4 BH + HSO ( l- ) 4 -----------
+ + (..£.) BII - Ac + HzO --------------------
+ 
- (~) H2o + H2so4 H:30 + HS04 ---------
Ac+ + - ( 4 ) or B + 2H2so4 + H3o + 2HS04 ---
where, B: 2,4,6-trimethylbenzoic acid, 2,6-dimethoxylbenzoic acid, 
2,6-dichlorobenzoic acid, 
J 
In this sequence of reactions, B, acting as a base in equation ( ..1... ) , 
accepts a proton from one mole of sulfuric acid to form the conju~ate 
acid, BH+. The conjugate acid then losses a mole of water to form 
an acylium ion by equation ( ..£ ); Finally, the water formed in 
equation ( _g_ ) reacts with a second mole of sulfuric acid shovm in 
equation (_l ), The overall reaction is r;iven in equation (.J±_) 
and is consistent with the i-factor reported, 
Ultraviolet studies of disubstituted and trisubstituted benzoic 
acids by H. N. Schubert et al. ( 13,14,15,16,12 ) indicated that 
the spectrum of trisubstituted benzoic acid in 70 percent sulfuric 
acid was that of the free carboxylic acid. As the concentration of 
0 
the sulfuric acid was raised a peak around 2600 A began to appear 
+ 
which is presumably the peak for the conjugated acid, BH • The 
changes in absorption spectra up to 91 percent sulfuric acid were 
qualitatively what would be expected for the equilibrium given in 
equation ( .1. ) for complete ionization to BH+. At about 91 percent 
sulfuric acid Schubert found a sudden increase in absorbance for 
the 2700 ~ - 2900 ~ band which reached a maximum for 100 percent 
4 
sulfuric acid. Furthermore, a new small peak began to appear in 
0 
about 93 percent sulfuric acid at 3400 A and reached a maximum in 100 
percent sulfuric acid. The spectrum in 100 percent sulfUric acid 
+ 
was assumed to be that of the acylium ion, fuC:=o , by inference 
from previous determinations of the i-factor for that solution by 
Hammett ( 10 ). 
Investigations of benzoic acids with electron repelling 
substi tuents in ethanol were reported by Noser et al. ( 18 ) and 
J3uning ( 19 ). 'l'he spectra generally consisted of three absorptions, 
or A, B, and C bands ( where, the A band was assigned to be the one 
at shortest wavelength, the C band was assigned as the absorption 
at longest wavelength and B was the band between them ). It was 
found that the :frequency of absorption of the A band is largely 
independent of, the B bancl is very dependent upon, and the C band 
is somewhat dependent upon the nature and position of the substituent 
group. For a 2,6-disubstituted benzoic acid, the A band maintained 
a nearly constant :frequency of absorption as the nature of the 
substituent was changed. The B band was usually not shown in the 
spectrum except the T-resocylic acid. The C.: band of three 2,6-
disubstituted acids ( methyl-, chloro-, bromo- ) were similar in 
intensity and f'req_uency of absorption to that of benzoic acid, but 
2,6-dimethoxylbenzoic acid v:as slightly shifted toward longer 
wavelen~th and waE more intense. It was observed that the changes 
in absorption depend upon the position and the size of the 
substituents. Steric interference to coplainty might be expected 
to be very sienificant in these compounds and would explain the 
absence of the B band. 
5 
In the studies of Hosoya et al. ( 20 ), strong charge-transfer 
( C'r ) bands were reported for both benzoic acid and mesitoic acid. 
Furthermore, the C'r bands were found to be very similar to those 
observed with mesitoic acid - trifluoroacetic anhydride ( 21,22,23 ) 
and mesi toyl chloride - stannic chloride systems ( 2L~,25 ) which 
contain typical acylating reagents. Hosoya postulated that the 
2820 ~ band observed for the concentrated sulfuric acid solution of 
mesitoic acid was due to the mesitoyl cation. The existence of such 
ions has been inferred by the other investigators ( 26,27,28,29,30, 
31,32,33,34,35 ). 
A parallel study of 2,Li-,6-trim.ethy1bcnzoic acid in sulfuric aciri 
and in deutero-su.lfuric acid by :Deistel ct al. ( 27,28 ) suge;ested 
that rine; protonation may occur. The data suggested that at solvent 
concentrations of 99 to 103 percent, a ring protonated species has 
not been assigned for the trisul~tituted benzoic acid in the past, 
but it had been found for other substituted benzenes by Gillespie 
( 49 ) and Olah ( 50 ). Further, studies of Beistel et al. ( 27,28), 
suggested that ring protonation would contributed significantly to 
6 
the lar:"":e i-factors of solutions in oleum-sulfuric acid. 
7 
III. EXPERINENTAL SECTION 
A. Preparation of Solutions. 
1. Sulfuric Acid Solutions. 
a. Solutions Ranging in Concentration from 70 to 96 percent. 
These solutions were prepared by addition of 96 percent of 
sulfuric acid ( 41 ) to distilled water. The concentration of 
solution was measured directly after preparation by the unit of 
specific gravity with a calibrated pycnometer on comparison of the 
values obtained with those in the literature ( 42 ). 
b. Solutions Ranging in Concentration from 96 to 104 percent. 
The concentration of sulfuric acid was prepared by pouring 
the twenty percent of oleum ( 43 ) into 96 percent sulfuric acid, 
The concentration of this solution was determined by the same method 
we mentioned before. There is an equation which is helpful here: 
x • 100 ( b - a )/ ( b - c ) 
where, X represents the quantity of sulfuric acid to be added to 100 
parts of the oleum. 
a, the total so3 per 100 parts of the acid desired. 
b, the total so3 per 100 parts of the original strong oleum. 
c, the so3 per 100 parts of the acid used for dilution. 
2. Benzoic Acid Solutions. 
The solution of 2,4 ,6-trimethoxybenzoic acid ( 44 ) was prepared 
at a concentration of l0-5H, The benzoic acid to be measured was 
8 
wei~hed on an electric analytical balance ( 45 ) to~ .01 mg. 
Dilution with the sulfuric acid by using standard analytical techniques 
with calibrated volumetric flask gave the solution desired. 
T3. Theories of Absorption. 
Two empirical laws have been formulated about the absorption 
intensity. Lambert•s Law states that the fraction of the incident 
light absorbed is independent of the intensity of the source. Beer's 
Law states that the absorption is proportional to the number of 
absorbing molecules. From these laws, the remaining variables give 
the equation. 
Io log10 -- .,. abc I 
I 0 and I are the intensities of the incident and transmitted light 
respectively, b is the path length of the absorbing solution in 
centimeters, and c is the concentration in moles per liter. 
Log10(I0 /I) is called the absorbance or optical density; a is known 
as the molar extinction coefficient and has units of 1000 cm2 per mole 
but the units are, by convention, never expressed. 
C. Procedure 1 Heasurement of the Spectrum. 
An ultraviolet spectrum is usually taken on a very dilute 
solution. A portion of this dilute solution is transferred to a 
silica cell. The cell is made such that the sample beam of light 
passed through a 1 em. thickness of solution. A matched cell 
containing pure solvent is also prepared, and each cell is placed in 
the reference beam of the Cary 14 snectrometer ( 46 ). This is 
arranged such that two beams of ultraviolet light of equal intensity 
are passed. One through the solution of the sample, one through the 
pure solvent. The intensities of the absorbed beams are then 
compared over the whole vravelength range of the instrument in UV 
region. The spectrum is plotted automatically on most machines as 
a log10 (I0 ,/I) ordinate and )..._ abscissa. 
Before the sample was run, the base line was adjusted by puttin0 
the solvent in both beams. The sample was diluted to the desired 
concentration either in distilled water, ethanol ( 47 ) or in 
sulfuric acid. The spectrum is scanned from the longer wavelength 
0 0 ( 3500 A ) to the shorter one ( 2000 A ) in a period of half an hour. 
The obtained data are shown in Table I through Table VII. The 
apparent molar extinction coefficients were calculated and the 
apparent molar extinction coefficient vs. wavelength plots were ploted 
by using the IBH computer program, t.NEXT ( 48 ), vrritte~ by Dr. D •.• 
Beistel for this purpose. The plots will be given in Figure 1 
through Figure 7. 
D. Results. 
The ultraviolet absorption spectra obtained by the present 
author are shown in Fie;ure 1 through Figure 7. The exact wave-
lengths and apparent molar extinction coefficients are tabulated 
in Table I through Table VII. Similar results had already been 
obtained by another investigator ( 12 ) with the same compound 
10 
un~ler the different conditions. They are given in Fi,a,1n·e 8 for 
the pur-cJose of comparison, 
The spectra of all the sulfuric acid solutions of 2,4,6-
trimethoxybenzoic acid considered in this study showed almost the 
same pattern o.f band development in different sulfuric acid 
concentrations, except for those in 72.3 percent sulfuric acid ( see 
Figure 1 ). 0 There es an additional band at 2475 A in 72.3 percent 
sulfuric acid, assir,ned as an absorption by the ori~inal benzoic 
acid by the present investigator, 
There are two bands and a shoulder to be identified: one is at 
2050 ~ and another at 2950 ~ Hith a shoulder at lone;er Havelene;th. 
The shoulder becomes more intense as the time passes. There is also 
0 0 
fluorescence shown in the region of wavelengths 2300 A to 2700 A for 
all concentrations of sulfuric acid. This fluorescence has not been 
observed previously for these or related systems, 
11 
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Figure 1. 2,4,6-Trimethoxybenzoic acid in 72.3% H2so4. 
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Figure 7. 2,4, 6-'I'rimethoxybenzoic acid in different media 
at zero time. 
Figure 8. 
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Zero time spectra of 2,4,6-trimethoxybenzoic acid 
in various concentrations HCl04 at -15°C. BeE,innin~ 
with lowest curve (at 290 mu) and progressing 
upward, the percentages HCl04 are: 5, 19.8, 29.7, 
35.3, 47.5, 50.2, 52.1, 9t.5,and 63.9. The spectrum 
in 69.3 and 79.4% H2so4 is essentially same as in 63. 9>~ HCl04. 
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Table I 
Absorption Ha.xima. and Molar EXtinction Coefficients of 2,4,6-Trimethoxy 
Benzoic Acid in 72.3% H2so4
2 
Apparent Appu-ent Apparent 
Time Wave- Nolar- Wave- Holar- Have- Nolar-
length extinction length extinction length extinction 
~ X 104 R X 104 0 4 hr. A X 10 
o.o 2050 1.87 2500 1.03 2925 2.15 
1.0 2050 1.72 2500 1.50 2950 0.70 
2.0 2050 1.70 2475 1.50 2975 0.30 
3.0 2050 2.20 2467 1.74 
-
4.0 2050 2.16 2450 1.65 -
12.0 2065 2.42 2425 1.54 -
24.0 2075 1.26 2425 l. 03 
-
48.0 2065 1.44 2412 0.45 -
1. The concentration was 0.999 x 10-5H. 
2. This spectrum was measured at room temperature. 
Note: After one hour, a shoulder appeared at about 3425 ~. 
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Table II 
Absorption r,iaxima and Molar Extinction Coefficients of 2,4,6-Trirnethoxy 
Benzoic Acidl,2 in 81.6% H2S04 
Apparent App:u-ent Apparent 
Time VJave- Molar- Have- Holar- Wave- Nolar-
length extinction length extinction length extinction 
hr. ~ X 104 R X left ~ X 104 
o.o 2050 2.00 
-
2950 2.74 
1.0 2058 1.77 - 2950 2.62 
2.0 2050 1.98 - 2950 2.67 
3.0 2050 2.25 - 2950 3.06 
4. 0 2050 2.43 
-
2950 2.76 
12.0 2050 1.80 - 2950 2.46 
24.0 2060 2.94 - 2962 4.22 
48.0 2025 2.90 - 3000 4.17 
1. The concentration was 1.0 x 1o-5M 
2. A shoulder was found at the beginning of the measurement, the 
peak was shifting toward shorter wavelength with increased 
intensity as the time increasing 
3. This spectrum was me~ured at room temperature. 
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Table III 
Absorption ~~ima and Molar ~ttnction Coefficients of 2,4,6-Trimethoxy 
Benzoic Acid' in 91.6,0 H2so4 
Apparent Apparent Apparent 
Time \~ave- Molar- Have- l\lolar- 11lave- Molar-
length extinction length extinction length extinction 
0 
X 104 R X 104 ~ 4 hr. A X 10 
o.o 2050 3.16 - 2947 3.17 
1.0 2050 1.72 - 2950 3.15 
2.0 2050 2.55 - 2937 3.54 
3.0 2050 2,30 - 2950 3.37 
4.0 2037 2.58 - 2945 3.43 
12.0 2050 3.41 - 2950 3.35 
24,0 2075 1.57 - 2945 3.80 
48.0 2050 1.35 - 2950 3.30 
L 'fhe concentration was 1. 01 x 10-5!'1, 
2. This spectrum was obtained at room temperature. 
3. There was a small shoulder shown around 320 millimicrons. 
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'fable IV 
Absorption iiaxima and I;o1ar &tinction Coefficients of 2,4,6-Trimethoxy 
Benzoic Acid 1 in 96. O;'b H2S04 2 • 3 
Apparent Apparent Appo1.rent 
Time · .. ave- Hola.r- 'dave- Holar- l·iave- Ho1ar-
length extinction length extinction length extinction 
~ 4 5{ X 104 ~ 4 hr. X 10 X 10 
o.o 2025 4,20 - 2950 4,20 
l.O 2050 2.58 - 2937 4,07 
2,0 2050 2,70 - 2937 4.15 
3.0 2050 2,78 - 2937 4,25 
4.0 2050 2.87 - 2cj.J.5 4.26 
12.0 2055 2.09 - 2950 4.15 
24.0 2037 3.89 - 2950 4.80 
48.0 2050 3.98 - 2950 7.40 
l. The concentration was l, 009 x 10-5N. 
2. This spectrum was measured at room temperature. 
3. There was a shoulder at 325 millimicrons and it shifted to the 
shorter wavelength with increasing intensity. 
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'fable V 
Absorption Maxima and Molar Ex:tinction Coefficients of 2,4 ,6-'frimethoxy 
Benzoic Acid1 in 101.6% H2S042 •J 
Apparent Apparent Apparent 
Time Wave- Molar- \"lave- Molar- Wave- Molar-
length extinction length extinction length extinction 
hr. ~ X 104 ~ X 104 ~ X 104 
o.o 2250 2.73 - 2835 3.57 
1.0 2250 2.70 - 2837 3.58 
2.0 2250 ?.72 - 2837 3.66 
3.0 2250 3.20 - 2837 4.15 
4.0 2250 3.31 - 2830 4.11 
12.0 2237 3. 05 - 2830 3.85 
24,0 2225 2.10 - 2825 3.21 
48,0 2275 3.40 - 2825 4.15 
1. The concentration was o. 998 x lo-5r,r. 
2. This spectrum was investigated at room temperature. 
3. There was a shoulder shown around 340 millimicrons and it 
shifted toward the shorter wavelengths with increasing 
intensity as time changed. 
Table VI 
Absorption Haxima and Nolar .EX}-inction Coefficient of 2,4,6-Trimethoxy 
Benzoic Acidl in 103.1~ HzS042 '3 
Apparent Apparent Ap:p9rent 
Trnie Have- Holar- Wave- Nolar- Have- Holar-
length extinction length extinction length extinction 
~ X 104 ~ X 104 0 X 104 hr. A 
o.o 2262 4,40 
-
2825 4.55 
1.0 2250 4.70 
-
2815 4.90 
2.0 2250 4.90 
-
2825 5.20 
3.0 2250 LJ-, 90 - 2825 5.25 
4.0 2250 5.00 
-
2825 5.68 
12.0 2250 2.78 - 2825 2.55 
24.0 2213 1.86 - 2820 2.05 
48.0 2200 1.30 - 2800 2.00 
1. The concentration was 0. 996 x 10-5H. 
2. This spectrum was measured at room temperature. 
3. A Shoulder was found around 3425 Angstrom, it shifted to the 
shorter wavelengthH while the increased. 
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Table VII 
Absorption Ha.xima and JV!olar EXtinction Coefficients of 2,4,6-Trimethoxy 
Benzoic Acid in Various i'iedia 
r·ledia ;·Jave- Holar- \lave- Holar- Wave- Holar-
length extinction length extinction length extinction 
~ X 104 ~ X 104 ~ X 104 
Hater2 2059 5.20 - -
Ethanol 2075 3.49 2500 0.44 -
72.3%3 2050 1.87 2500 1. 03 2925 2.15 
81.6% 2050 2.00 - 2950 2.75 
91. 6:1o 2050 3.16 - 2cjl-5 3.17 
96. 0}6 2050 4.20 - 2950 4.20 
101,6% 2250 2.73 - 2835 3.57 
103.1% 2262 4.40 - 2825 4.55 
1. The concentration was (1.0 :! 0.002) x 10-5J.I. 
2. This solution was prepared at 85 - 90oc, since the solubility 
of benzoic acid is very low. 
3. This is the percentage of sulfuric acid, 
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IV. DISCUSSION 
A. Auxochromes and Solvent Effects. 
Compounds in which all valence-shell electrons are involved in 
the formation of single bonds, such as the saturated hydrocarbons, 
do not absorb light in the near and middle ultraviolet regions of 
the spectrum ( 36 ). But for those compounds having atoms bearing 
lone-pair electrons, or other electrons of relatively high energy 
( loosely bound electrons ), the situation is different. The 
excitation of such electrons to antibonding ~orbitals requires less 
energy than the excitation of bonding ~-electrons, and the resulting 
spectra may possess some absorption at wavelengths slightly greater 
0 
than 2000 A, termed "end absorption". 
It is interesting to note that there appears to be a regular 
relationship between the spectra and the ionization energy of the 
compounds; the lower the ionization energy, the longer the wavelength 
of absorption. This correlation is to be expect~l, since the energy 
required to remove an electron from an atom is the ionization energy 
and the higher the energy level of the electron, the more readily 
it can be removed ( ionization ) or promoted ( spectra ). The fact 
that end absorption becomes increasingly more serious with increasing 
atomic weight of the element responsible for it is rationalized on 
the same basis and this fact suggests that in the heavier atoms, 
excitation of lone-pair electrons from np orbitals to higher orbitals 
contributes strongly to end absorption. It should be noted that end 
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absorption is often accompanied by predissociation or photo-
decom~osition. The substitution of an oxygen, nitrogen or chlorine 
atom for a hydrogen in compounds causes a bathochromic shift of the 
absorption bands of the compounds. Group:; which cause such batho-
chromic effects are called auxochromes. 
When a group is attached to benzene through an atom having a 
lone pair of electrons, such as N, 0, or S, the substituent perturbs 
the ring by both the resonance and the inductive effects ( 36 ). 
The inductive effectproduced little change in the position or 
intensity of the benzene bands since it affects the ground and 
excited states about equally and in the same direction. Hith larger 
substituents, such as NR2 or OR, coplanarity of the substituent 
group with the benzene ring is required for this purpose. If for 
any ( steric ) reason the substituent group is twisted out of the 
plane of the ring, the interaction of the lone pair in a 7t orbital 
with the 7r orbitals of benzene is reduced. 
One of the earliest thorough and systematic investigations of 
the effect of solvents on absorption spectra was due to Burawoy, 
( 37, 38 ) who examined the spectra of some compounds in various 
solvents. In all these compounds Burawoy noted the presence of a 
low-intensity band at long wavelength that moved to shorter 
wavelength by changing the solvent to one of increasing the polarity. 
With the same solvent change the other band in the spectra of these 
compounds, the high-intensity, shorter wavelength band, moved to 
longer wavelength. Burawoy designated the weak bands which shift 
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toward shorter wavelength as R bands and the strong band which shift 
toward longer wavelength as K bands. It is now commonly accepted 
that some of Burawoy's R bands correspond ton - 'J(*transi tions 
and that his K bands correspond ton---+- 1t* transitions. 
The effect of solvent on the n ~ Tt-tf. transition should be in 
the order of the hydrogen bonding ability of the solvent. The red 
shifts of n ---.~noted by Burawoy were measured in solution. In 
solution molecules are not isolated but are associated in some 
manner with. solvent molecules. Solvent and solute molecules are 
usually so crowded together that little free rotation is possible. 
Futhermore, in solution the vibrations may be partially modified by 
solvation; because of the largely random arrangement in the liquid 
state the solvent environment of no two molecules is identical, and 
hence spectra in solution general appear as broad bands, with or 
without a certain amount of vibrational structure. Large solvent 
shifts for substituted benzenes are observed when the substituent 
is an electrom acceptor ( 36 ) • 1.4i th electron donor substi tuents 
such as OH, OCH3 , SH and NH2 , however, solvent shifts are negligible. 
Certain compounds, such as benzoic acid, can associate in 
solution and the mixture of species present in solution depends on 
the degree of association. Hence the observed spectrum is a super-
position of the spectra of the various species and will vary with 
concentration. Benzoic acid is partially ionized in water and the 
spectrum is a composite of that of the anion as well as of the 
undissociated species. Acidity changes in the solvent ought to 
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affect the spectra of aromatic compounds because it is resonable to 
suppose that solvation or complexing of the weakly basic aromatic 
will vary with the acidity of the solvent. 
B. The Charge-Transfer Bands of Benzoic Acid, 
Benzoic acid exhibits three characteristic bands at 193 milli-
microns, 228 millimicrons and 273 millimicrons. Nagakura and 
Tanaka ( 39,40 ) interpreted the second band as an intramolecular 
charge-transfer bandr namely, the band due to the electronic 
transition from the ground state written as 
0 0 -c? 
'0-H 
to the excited charge-transfer state 
0 ~o--c 
' 0-H 
In order to ascertain the relation between a CT band and conjugation 
between the phenyl and carboxyl groups, absorption spectra were 
measured with some related compounds like phenylacetic acid, phenyl-
propionic acid, mesitylacetic acid and cinamic acid. The results 
exhibit no CT band, as is expected from the fact one or two methylene 
group disturb the resonance between the phenyl and carboxyl group, 
In this connection it is noteworthy that in cinnamic acid, where 
the benzene ring and the carboxyl group are joined through a 
vinylene group, - CH=CH -, the CT band can be observed again at 275 
JO 
millimicrons in aqueous solution. These above bands shift toward 
longer wavelen~th in concentrated sulfuric acid solution. Among 
them the CT band shifts by the greatest extent. This anomalously 
large shift suggests that, besides a simple medium effect, some 
structural change occurs within the conjugated system. From the 
study of Hosoya ( 19 ), it is apparent that the spectral change 
discussed is not due to the reaction of benzoic acid with sulfuric 
acid ( sulphonation ), but is due to the interaction with a proton. 
In view of the spectroscopic evidence it can safely be concluded 
that in concentrated sulfuric acid, benzoic acid is in stable 
+ 
equilibrium r.-rith protonated benzoic acid, PhC02H2 • The rather 
~eat bathochromic shift of the CT band may be explained qualitatively 
by the increase in the electron affinity of the carbonyl group 
brought about by attachment of the proton. The :mman spectra shown 
that the proton is attached to the carbonyl oxygen atom and the 
protonated speciman can be represented by the resonance among the 
following structures 
+ ~OH -c~ 
'oH 
- -






It was indicated that molecules in the excited state may be 
deactivated, not to the ground state but to metastable states 
energetically close to the original excited state; the trapped 
Jl 
n10lecules may be re-exci ted f'rom a metastable state and r;ive rise to 
[", rc('"lllar fluorPscence spectrum, although the decay period will be 
abnormally lone ( 36 ) • 
llany compounds have been observed to fluoresce, and fluorescence 
was considered to be one of their characteristic properties until 
carefully investie:ation showed that the fluorescence was not a 
property of the substance, but was due to a contamination. 
Another type of fluorescence, invariably accompanying irradiation 
of some compounds but not due to an excited molecule, occurs when 
the compound undergoes photochemical reaction or decomposition ( 36 ). 
l'lany carbonyl compounds dissociate photochemically to form acyl 
radicals, which in turn dimerize. The dimeric biacyls themselves 
fluoresce in the visible region. Furthermore, the intensity of 
fluorescence increases with time, suggesting that the fluorescing 
species is formed during irradiation. 
One particularly interesting use of the fluorescence phenomenon 
is possible for compounds capable of undergoing acid-base reaction 
( 36 ). Hhen compounds undergoing acid-base reactions are irradiated 
in aqueous solution, the spectrum depends characteristically on pH. 
If the acidity or basicity of the excited state is different from 
that of the ground state, as usually is the case if the basic center 
is sufficiently close to the chromophore or is part of it, and if the 
excited state persists long enough to permit the equilibrium to be 
reached, the study of the pH dependence of fluorescence permits 
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determination of the prototropic equilibrium of the excited state. 
In conclusion the conditions for fluorescence are much more 
favorable in aromatic and particularly in condensed hydrocarbons. 
These compounds absorb at relatively long wavelength and have very 
rigid structure, making internal conversion quite difficult. 
A study of 2,4,6-trimethoxybenzoic acid was undertaken with the 
+ 
expectation that RC02H2 might be the main species over a wide range 
of acid concentration. Zero time spectra ( Figure VII. ) of the 
2,4,6-trimethoxbenzoic acid in sulnrric acid were measured at room 
temperature by the present investigator. A peak was observed at 
0 
2500 A in ethanol and appears in 72 percent sulfuric acid as well. 
It is probably due to free RC02H. Since in ethanol,benzoic acid 
-4 
acts as an acid due to its higher acidity ( Ka = 2.6 x 10 ), we 
could assume the existence of free acid. It still could be 
stabilized by the Tollowing resonance structure, 
-o o o o o o ~c...... 'H ~c/ "H H,.... 'c~ 
0 
H C""" 3 
II c\ o ~c\, b......hocH3 / cH~-~c__.. 'u CH:_ Hf () 
I I 
O,CH3 o o,cH3 %C .... o 
The band found at 2050 A might be due to protonated trimethoxybenzene, 
the product after decarboxylation. 
From the studies of W. N. Schubert ( 12 ), it was determined 
that the rate of decarboxylation was very rapid at room temperature 
0 
in acid media. The band at 2900 A was assigned to be that of the 
protonated benzoic acid PhC02H2+. In the high concentration of 
~-mlfuric acid benzoic acid ;ras treate.d as '3 ~klSe ( a stronr: oxyn:en 
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base ). The conjugated acid of trimethoxybenzoic acid is st<..bili7;ed 
by the resonance interaction of the protonated carboxyl group with 
the methoxyl substituents, assuming no large steric inhibition of 
resonance. fvloreover, there may be added stabilization of thr-
conjugated acid by hydrogen as exemplified in the resonance 
As the time increased there was a broadening of the absorption 
and a splitting into two peaks. This was accompanied by a growth of 
the shoulder that appeared at longer wavelengths. This shoulder 
could be accounted for on the basis of a charge transfer involving 
34 
As far as the phenomenon of flu ores ence was concerned, the 
present investigator had already pointed out some factors that would 
affect the phenomenon. 3ince they are so complicated it is very 
difficult to draw any definite conclusions. But fluorescence is 
undoubtei related to a product of the decomposition reaction, such as 
trimethoxybenzoic acid. The problem requires further examination by 
Haman and n.m.r. spectroscopy as well as study of the esterification 
reaction for the mixture. 
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V. CONCLUSIONS 
Based on the experimental results and measurements made on the 
TUllNER model 4 30 s pectrofluorometer and the author's observation, the 
following conclusions were reached: 
1. There is an excitation band centered at 3700 ~ and an emission 
0 band at about 4600 A. It is due to the weak fluorescence of the 
solvent, not from the solute. 
2. \{e might say that species formed from the interaction between 
sulfuric acid and 2,4,6-trimethoxybenzoic acid have reduced the 
0 
absorption of sulfuric acid in the re~ion near 2550 A. 
3. The investigation of this study indicate that ~~ spectra alone 
were not sufficient to assign the species in solution. It 
would be helpful if we had Raman spectra and n.m.r. spectra of 
these solutions to support this study. 
4. The system merits further consideration. 
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APPE!l\T"JIX I 
PROGRAM UV EXT 
C CALCULATION OF APPAR!!]\"T r·!OLAR EXTINCTION COEFFICIENTS FRON 
C EITHER TRANSHITTANC8 OR ABSORBANCE DATA 
C ~iRITTEli IN FORTRAN IV-G FOR THE IBN 360, rviODEL 50 
C BY D. \v. BEISTEL, UNIVERSITY OF MISSOURI AT ROLLA, JUNE 1968 
C PLOTS APPARE.'IT MOLAR EXTINCTION COEFFICIENT VERSUS WAVELENGTH 
C A tllAXH1Ur·l OF NINE DATA SETS ARE PERNITTED Pii!R SINGLE PLOT 
C SE"rS OF DATA FOR SEPARATE PLOTS HAY BE STACKED 
C IF ABSORBANCES HAVE BEEN RECORDED, DTYPE IS LEFT BLANK 
C TITLE1 IS THE TITLE OF THE PLOT 
C 'riTLE2 DEFHIES THE SOLVENT CONCEl'TTRATION 
C INPUT • 1, PRINTER = 3, DISK ( OR TAPE ) FILES = 4, 5 
C DISK FILES 4 AND 5 ARE USED FOR CONVENIENCE ONLY 
C SUBROUTINE PLTFl>IT PERMITS ALTERATION OF FORl\lATS DURING A RUN 
c 
c 
DH!ENSION X (500), T(100) ,A(100), EXT(500) ,XX (100), YY(100), 
1EXTT(100) ,NSPEC (9) ,C (9) ,CC (9), TNIN(9), TNA.X (9) ,NSUB(9), 
2TITLE1 (12), TITLE2 (4), AREA(18) ,AH2A2 (4), AREA3 (12) 
LOGICAL*1 CHAR(14)/ZOO,Z01,Z02,Z03,Zo4,zo5,Zo6,zo?,Zo8,zo9,ZOA, 
1ZOB,ZOC,ZOD/ 
CALL P~iP03('HO, KATHY' ,9,1) 
100 RE'vliND 4 
REWI'l'-Jl) 5 
DO 1001 I=1,9 
1001 NSUB(I)=O 





IF(NOPROB.EQ.9999) GO TO 999 
READ (1 ,3) NSETS, (NSUB(I), I=1, 9) ,DTYPE 








IF(D1'YPE.EQ.O.O) GO TO 30 
C READ DATA AND TABULATE EX.T(I) FOR TRANSHITTANCE DATA 
c 




READ(1,5) (X(J),T(J) ,J•1,N) 
4 FORMAT(I5,Fl0.8,2F5.1,Fl0.4) 
5 FORMAT(5(~.0,F5.1)) 
S • TMAX(I)-TMIN(I) 
DO 8 J•1,N 




1100 FORMAT(1H , ' REDEFINE THE VALUE OF TMIN ' ) 
IF(D.LT.O.O) GO TO 100 
GO TO 59 
58 E • 100. *D/S 
59 IF(99.-E) 6,6,7 
6 ElCT(J)• 0.0 
GO TO 8 
7 IF(E) 12,12,13 
12 A(J) • 2.0~-
GO TO 11 
13 A(J) • 2.0-ALOG10(E) 
11 EKT(J)• A(J)/C(I) 
8 CONTINUE 
CALL PLTFMT (AREA, 72) 






2 FORMAT(1H 'PROBLEM-', I5,,5X,18A4,2X, 'HOURS') WRITE(3,54~ NSPEC(I), C(I), TMIN(I), TMAX(I) 
54 FORMAT(' SPlOOTRUM NO.•' ,I5,5X, 'CONCENTRATION SOWTE •' ,Fl0.8, 
11X, 'M' ,3X,' TMIN •' ,F5.1,5X,' TMAX •' ,F5.1) 
WRITE(3,14) 
14 FORMAT(56HO WVL TRSM ABS01U3ANCE M.ElCTINCTION 
1/) 
WRITE(3,15) (X(J), T(J), A(J), EXT(J), J•1,N) 
15 FORMAT(1H0,5X,P4.0,4X,F5.1,6X,El1.5,8X,Ell.5) 
WRITE(4) N, (X (J) ,J•1,N) 




GO TO 60 
C READ DATA AND TABULATE EX:T(I) FOR ABSORBANCE DATA 
c 
30 DO 40 I• l,NSEI'S 
READ(1,4) NBPEC(I),C(I),CC(I) 
N • RSUB{I) 
RBlAD(l,.5) (X(J),A(J),J•l,N) 
DO 31 J-J.,N 
c 
IF(XEDT .GT .X (J)) XI:DT=X (J) 
IF(Xf·lAX.LT.X(J)) XEAX=X(J) 
IF(A(J).~~.O.O) GO TO 34 
EXT(J)=A(J)/C(I) 
Go ·ro 31 
34 EXT(J)=o.o 
31 CONTINUE 
CALL PLTFHT (A..REA, 72) 
l'!RITE( 99,1111) TITLE1, TI'rLE2, CC (I) 
':!RITE(3 ,101) 
':JRITE (3, 2) NO FROB, A.REA 
I.JRITE(3 ,32) NSPEC (I) ,C (I) 




33 FORMAT(1HO 21X, 'lNL ABSORBANCE 1·1.~TINCTION' I/) 
llRITE(3,35)(X(J), A(J), EXT(J),J•1,N) 
35 FORI--1AT (1H0,20X, F5. 0, 5X ~FlO .Lr-, lOX, ill2. 5) 
1miTE(4) N, (X(J),J=l,HJ 
\{RITE(5) N, (EXT(J),Jz=l,N) 
L=L+N 
40 CONTINUE 
C COHPUTE LHUTS AND SCALES FOR PLaiTING 
c 
c 
60 REWIND 4 
REAHND 5 
LL•l 
DO 700 I=l,NSEI'S 
NN=NSUB(I) 
READ(4) H, (XX(J),J=1,NN) 
READ(5) N, (EXTT(J),J=l NN) 
IF(NN.HE.N) ';TRITE(3,20l) N,NN 
201 FORHAT('O', 'N = I ,I3,5X, 'NN = I ,I3) 
DO 700 K=l,NN 
X (Ll, )=XX (K) 




701 IF(LL.N~.L) STOP 00701 
DO 62 I=l,LL 
IF(EXTHAX .LT .EXT(I)) EXTHAX=EXT(I) 
IF(EXTNIN .GT. EXT(I)) EXTEIH=EXT(I) 
62 CONTINUE 
DX • 100.0 
C COMPUTE YMAX 
c 
702 IF(EXTMAX.GT.200000.) STOP 00702 
IF(EXTHAX .GT .190000. O.AND. EXTNAX .LE.200000.) YH.A-'\=200000. 0 






IF(EXTNAX .GT .170000.0. AND. E;{Tl1AX. LE.180000. ) 
IF(EXTHAX .GT .160000. O. AND. EXTI·fA.X. LE.170000. ) 
IF(EXTHAX .GT .150000. O •. MID.EXTHAX. LE.160000.) 
IF(EXTI·~. GT .140000. 0. AND. ~Tr~X. LE .150000. ) 
IF(EXT~UlX.GT.130000.0.fu~.EXTI~.LE.140000.) 
IF(EXT1'1AX .GT .120000. O. AND .EXTMAX. LE.130000.) 
IF(EXTNAX .GT .110000. O. AND. EXTI:iAX. LE.120000. ) 




IF(EXTI1AX .GT .60000. O.AND .EXTMAX. LE.70000.) 
IF(EXTHAX .GT .50000. O.AND .EXTMAX .LE.60000.l 
IF(EXTMAX .GT .40000. O. AND .EXTI1AX. LE.50000. 
IF(EXTMAX .GT .30000. O.AND .EXTHAX. LE.40000. 
IF(EXT~~.GT.20000.0.AND.EXTMAX.LE.30000.) 
IF(EXTl"IAX .GT .10000. O.AND .EXTJ'VIAX .LE.20000.) 
IF(EXTMAX.LE.10000.) YHAX-=10000.0 











Y11AX== 90000. 0 




YHAX= 4oooo. o 
YHAX""' 30000.0 
YMAX= 20000.0 
20 IF(EXTHIN.GT.-10000.0.AND.EXTHIN.LE.O.O) YHIN ... -10000.0 
IF(EXTHIN. GT. -20000. 0. AND. EX THIN. LE. -10000. ) Y1'1INc -20000. 0 
IF(EXTNIN.GT.-30000.0.AHD.EXTHIN.LE.-20000.) YI>liN= -30000.0 
IF(EXTMIN.GT.-40000.0.AND.EXTHIN.LE.-30000.) YHIN== -40000.0 
IF(EXTMIN.GT.-50000.0.AND.EXT!VIIN.LE.-40000.) YHIN-= -50000.0 
IF(EXTMIN.LE.-50000.0) YMIN= -50000.0 
19 DY•FLOAT( (IFIX (ABS (YMIN)+YHAX )/10000 )*1000) 
I·IRITE(3 ,101) 
BEGIN PLOTTING 
IF(YHIN.EQ.O.O) GO TO 21 
17 YPC6IN•(ABS (YHIN)/(ABS (11-ITN )+nJAX )*7. 0 )-tZ. 5 
GO TO 24 
21 YPCBIN= 2.5 
24 CALL NEHPLT(2.5,YPOSIN,8.5) 
CALL ORIGIN(XHIN,O.O) 
CALL XSCALE(Xl·lHT ,XI'IAX ,5. 0) 
CALL YSCALE(YNIN, Y1'1AX, 7. 0) 





CALL PLTF!:Tr (AREA2, 16 ) 
WRITE(99,120) TITLE2 
120 FORMAT( 'SYI-ffiOL' ,2x ,2A4) 
CALL SYM(3.455,YBIN,0.11,AREA2,0.0,16) 
DO 70 I•1,NSETS 
GO TO (71,72,73,74,75,76,77,78,79),1 
71 JPISYH•1 
Y.BIN • YBIN - 0,25 
GO TO 80 
72 JPIBYM-2 
YBIN • YBIN - 0,25 
GO TO 80 
73 JPIBYM-:3 
YBIN • YBIN - 0,25 
GO TO 80 
74 JPI.SYM-4 
YBIN • YBIN - 0.25 
GO TO 80 
75 JPIBYM•5 
YBIN • YBIN -0.25 
GO TO 80 
76 JPI.SYM-6 
YBIN • YBIN - 0,25 
GO TO 80 
77 JPIBYM-7 
YBIN • YBIN - 0.25 
GO TO 80 
78 JPISYM-8 
Y.BIN • YBIN - 0.25 
GO TO 80 
79 JPISYM-9 
YBIN • YBIN - 0, 25 
80 N•NSUB(I) 
DO 81 K•1,N 
XX(K) • X(LL) 
YY(K) • EXT(LL) 
LL • LL+1 
81 CONTINUE 
CALL XYPLT(XX, YY ,N,2(JPISYM) 
CALL PLTFMT(AREA2,16) 
WRITE(99,110) CHAR(I+1),CC(I) 
110 FORMAT(lX,A1,2X,F6.2,1X, 'HOURS') 
CALL SYM(J.46,YBIN 1 0,11,AREA2,0.0,16) 
70 CONTINUE 
YBIN • YBIN - 0,25 
CALL PLTFm' (AREA2, 16) 
WRITE ( 99,125) DX 
125 FORMAT('XINTERVAL•' ,F6. 0) 
CALL SYM(3.46, YBIN,0,11,AREA2 1 0, 0,16) 
Y.BIN • YBIN - 0.25 · 
CALL PLTFM.r(AREA2 ,16) 
WRITE (99,126) DY 
126 FORMAT ('!INTERVAL•' ,F6,0) 
CALL SYM(),46, YBIN ,O.ll,AREA2,0, 0,16) 
LL- LL-1 
IF(LL,NE.L) WRITE(3,82) 
82 FORMAT( ' WHAT HAPPJ!ItNED? LL IS NOT ~UAL TO L') 
44 
CAI,L PLTFHT (AREA3 ,48) 
~IRITE ( 99, 121) TITLEl 
121 FORHAT (12Al~) 
232 YUT•YSTOIN (YHIN) 
IF(YriiH.EQ.O.O) GO TO 130 
2Y+ YKUr=YIH-0.5 
CALL S Yl I ( 0. 0, YKIH, 0. 12 5 , AREAJ , 0. 0 , 48 ) 
CALL SI'I'1(-0.75,2.0,0.125, 'E' ,0.0,1) 
CALL SYN(-0.625,1.94,0.12, 'H' ,0.0,1) 
GO TO 29 
130 CALL SYH( 0, 0,-1. 0, 0.125,AREA3, O. 0,48) 
22 CALL SYH(-0.75,3.5,0.125, 'E' ,0.0,1) 
CALL SYf.1(-0.625,J.44,0.12, 'H' ,0.0~1) 
29 CALL SYi1(2.4,-0.5,0.125, 'A' ,0.0,1) 






GO TO 100 




The Spectra of Emission and EXcitation of 2,4,6-trimethoxy 























Relative Intensity Havelength Relative Intensity 
mu 
13. 340 53.5 
22. 350 61. 
32.5 360 68. 
44. 370 74. 
54. 380 75. 
62. 390 75.5 
67. 400 71.5 










These spectra were measured at room temperature and by 
Dr. R. E. Phillips f'rom i.'~::>c~er Scientifi~5c.ompany. The concentration of solute J.S 1. 004 x 10 h. 
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